ABSTRACT. 
AIMS AND NATURE OF RETAIL PLANNING IN THE NETHERLANDS
Physical planning has traditionally played an important role in Dutch society. The lack of space, rapid urbanization and the open nature of its society have increased the need to control land development very carefully. Over the years a detailed set of plans and regulations has been approved which regulates future land use. Such plans require the approval of democratically elected councils while the public can also participate in the planning process at various stages. Consequently, there has been a strong tendency during the last 20 years to inform planning proposals with the results of scientific analyses. For example, Dutch law states that a general survey should be conducted before municipalities can start the preparation of their plans.
In practice, the importance of scientific research in the planning process differs considerably between planning sectors. Retail planning is one sector of urban and regional planning with a traditionally strong input of research in the planning and design process. Until a few years ago, municipalities were obliged by law to conduct some kind of retail planning research whenever a new plan was developed. Although this situation has changed somewhat, and this law no longer exists due to the economic crisis and consequent deregulation, every-day practice still Requests for reprints should be sent to Aloys Borgers, Department of Architecture and Urban Planning, Eindhoven University of Technology, P.O. Box 513,560 MB Eindhoven, The Netherlands.
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engages in a considerable amount of applied research, especially when the envisaged changes in the retail structure are substantial.
Perhaps the most important issue in this respect is to predict the likely impacts of new retail developments on consumer demand and assess the feasibility of new projects. The results of such studies are also used to decide on the amount of space and location required by new retail facilities. Traditionally, such decisions were made on the basis of a set of normative ratios between the amount of retail space and the number of inhabiter of the plan area, adjusted according to the type of residential zone involved. It soon became evident, however, that such simple procedures were inadequate to justify the retail plans. Especially the larger scale developments and the peripheral shopping centres had impacts that were beyond previous experience. Starting in the late 197Os, these developments stimulated the use of more complex research strategies to assess the viability of new retail developments on the one hand and the likely impacts of these new developments on existing shopping centres on the other hand. It resulted in an official government report and a series of guidelines for the Dutch provinces and municip~i~es, which suggested in a very detailed manner the kind of research these planning agencies had to conduct to substantiate their decision making.
The research effort typically involves a large-scale in-home interview to determine consumer orientation patterns for different types of goods, an inventory of available floor space in the various shopping centres, disaggregated according to type of firm, and an interview with the entrepreneurs.
Recently, information about the supply side of the retailing system has been stored in a national geographical information system, which covers most of the country and is developed specifically for retail planning purposes. The consumer interview is used to construct mathematics models of consumer shopping behaviour which predict the likely impacts of policy decisions related to building programs, transportation and retail developments, on the level of retail turnover in the various shopping centres of the study area. The assessment of these effects is typically accomplished by comparing the predicted retail turnover per square foot of floor space with a normative planning standard, derived from a national survey, sometimes adjusted to local circumstances.
If changes in retail structure are predicted not to have substantial negative impacts on the level of turnover per square foot floor space, that is, the predicted level of turnover is not lower than the norm, it is generally concluded that the proposed changes in retail structure are justified.
MODELLING CONSUMER CHOICE BEHAVIOUR
To predict the likely effects of policy measures on the retail system, the effects of those measures on consumer choice behaviour need to be predicted. For this purpose, it is common practice to construct a mathematical model of consumer choice behaviour. In such a model, consumer choice ~haviour is explicitly related to a number of features or attributes of the shopping centres, including the distance between residential and shopping centre location. After deciding which type of consumer model will be used and which attributes are to be incorporated in the consumer model (model specification), the exact relationships between choice behaviour and attributes have to be determined (model calibration). Model calibration finally results in a number of parameters which can be considered as weights for the selected attributes. Next, the performance of the model has to be investigated. Only if there is a good fit between observed and predicted choice behaviour, can the model be used to predict consumer choice behaviour at future moments in time, conditional upon the assumption that consumer choice behaviour is stable over time. To predict the likely effects of policy measures on consumer behaviour, the policy measures have to be translated in terms of the attributes of the shopping centres used in the model. Using the adjusted attribute scores, consumer choice behaviour under new circumstances can be predicted.
In the context of Dutch retail planning, the models used are generally based on observed consumer choice behaviour. In several regions, the conventional spatial interaction model has been used. Further, the multinomial logit model has found ample application. Recently, individually based choice simulator systems based on conjoint measurements have been developed. In contrast to spatial interaction and random utility models which are derived from observed behaviour, the simulator system is based on individuals' expressed or intended behaviour given a number of hypothetical choice alternatives.
Models Based on Observed Choice Behaviour
Spatial interaction models (Wilson, 1971) are based on observed flows of consumers between residential zones and shopping centres. In practice, the origin-constrained version of this model is used to predict the distribution of consumers over the alternative shopping centres, given their residential zone (see, e.g., Roy & Anderson, 1988) . According to this model, the number of consumers visiting a particular shopping centre depends on the (relative) attractiveness of the shopping centre and the (relative) distance between the residential zone and shopping centre. The attractiveness of shopping centres is generally represented by some surrogate variable such as the amount of floor space or number of outlets per shopping centre. Sometimes, the model is generalized to incorporate more explanatory variables in the attractiveness component.
In contrast to spatial interaction models which are based on aggregate flows of consumers, random utility models (e.g., Ben-Akiva & Lerman, 1985) are based on the observed choice behaviour of individual consumers. The well-known multinomial logit model (McFadden, 1974) is the most frequently used model which can be derived from random utility theory. According to this model, the probability that a consumer chooses a particular shopping centre depends on the relative utility of that centre. The utilities of the shopping centres are assumed to be individual-specific and depend on characteristics of the shopping centres as perceived by each individual. Further, random utility models take into account individual choice sets: only those shopping centres a consumer is familiar with can be chosen by that consumer.
From a theoretical point of view, a random utility model is preferable to a spatial interaction model. In practice, however, predicting the likely effects of policy measures using a random utility model requires the specification of two additional submodels. First, a submodel to construct individual choice sets is required. To determine the set of available shopping centres for each individual consumer, logistic regression analysis may be used (see, e.g., van der Heijden & Timmermans, 1984) . The second submodel is necessary to relate attribute scores as perceived by the individual to objective characteristics of the shopping centres. Curve fitting procedures may be used to determine such relationships.
Models Based on Expressed or Intended Choice Behaviour
In a transportation planning context, this approach has become known as the stated preference approach. The approach has gained increasing popularity in retailing, marketing, recreation, transportation, housing, migration, and other activity based studies (see, e.g., Golledge & Timmermans, 1988) . The model system involves generating hypothetical shopping centres by combining shopping centre characteristics, some of which may be beyond the domain of experience, and then requesting consumers to express some measure of preference for the resulting set of shopping opportunities. Individual preference structures may then be derived from these data and choices may be simulated by implementing some decision rule, for example, that a consumer will choose the alternative which received the highest preference. Since these prefer-ence structures relate to hypothetical shopping centres, the effects of retail change on individual choice behaviour and turnover levels of the shopping centres in the study area may be predicted by generating new alternatives; these reflect the changes and enable choice behaviour to be simulated by applying the derived preference structures and decision rules to the resulting choice sets.
More specifically, the approach involves the following steps (see Timmermans, 1984) . First, some measurement model is specified. Next, the hypothetical choice alternatives are generated. This step involves identifying the attributes which are considered important in influencing the choice behaviour of interest, defining these attributes in terms of attribute levels, and then combining these into hypothetical choice alternatives according to some experimental design. The choice of design is largely dictated by the chosen measurement model because complex measurement models cannot be estimated on the basis of simple experimental designs. Subsequently, subjects are requested to express their overall evaluation or preference for the resulting set of choice alternatives. These preference measures are then decomposed into the so-called part-worth utilities associated with the various attribute levels, given the a priori specified measurement model. The validity of the decomposition may be assessed by calculating some goodness of fit measure. Having derived the preference structures, the next step involves specifying a decision rule which predicts an individual's choice behaviour given the position of the choice alternatives on his or her subjective preference scale. In general, different types of decision rules may be considered. The first rule states that an individual will invariably choose the alternative included in his choice set which received the highest preference score. The second rule is not deterministic and states that choice probabilities are systematically related to preferences.
The simulation works as follows. First, the shopping centres are described in terms of the attributes included in the preference experiment. Next, for each individual separately, a choice set is identified using some submodel. The consumer's preference score for each shopping centre is then calculated by applying his part-worth preference function to the description of the shopping centres in terms of attribute levels. Given these preference scores, actual behaviour is simulated by implementing the decision rule. These predicted individual choices are then aggregated to yield an estimate of aggregate retail turnover. Impacts are simulated by defining retail plans in terms of the attribute levels included in the conjoint measurement model. This results in adjusted attribute levels of the shopping centres involved and hence in changes in preferences and subsequent choice behaviour. This process is repeated iteratively for some fixed time horizon.
Recently, Louviere and Woodworth (1983) developed an alternative approach. Basically, their approach involves measuring choices directly rather than constructing choices from preference ratings. Essentially, this approach amounts to estimating random utility models from experimental design data, that is, choices among hypothetical alternatives. These choice designs differ from preference designs in that the hypothetical choice alternatives should now be placed into choice sets. This can be done in a number of ways (Louviere & Timmermans, 1987) . Because one now deals with choices per se rather than preferences, the estimated choice model can be used directly to simulate consumer choice behaviour.
A DECISION SUPPORT SYSTEM FOR RETAIL PLANNING
The application of choice models to problems of retail planning commonly involves research institutes or universities in collecting the data, estimating the model and running a fixed number of scenarios. Retail planning processes usually involve a number of representatives of various parties (local government, local retailers, national chains, Ministry of Economic Affairs, consumer groups, etc.). In practice, this planning group proposes a number of scenarios to be considered and the analyst then runs his model to assess the impacts of such scenarios. His findings are then used to support the decision-making process as an input to the discussions or negotiations or as a way of formulating additional scenarios. Due to this formalized nature of the planning process, it can often take several weeks before the next meeting is held. Perhaps more problematic though, is that many research contracts include limits on the number of runs executed, which will often frustrate the planning process in that additional analyses require additional funding. Moreover, to assess the impacts of plans of local retailers which emerge later, the model has to be used several times. Hence, a need was felt to develop user-friendly computer software that can be considered as a decision support system for retail planning.
We will now describe some computer software that has been developed by the authors. The software consists of three main modules. First, the information base includes software to manage the necessary information. Second, the modelbase contains software to model consumer choice behaviour. Finally, the third part contains software to summarize the results of different scenarios and evaluate those scenarios on a series of criteria or system performance indicators which will assist the planning team in the decision-making process. Each module runs quite separately and uses the output of previous modules as input.
Module 1: Database
The database module enables users to input and manage the required data. This module can be used to simulate policy measures by changing, deleting or introducing shopping centres in future time periods, or by changing the number of inhabitants per residential zone or even changing the number of residential zones. The required data contains the following information.
The Supply Side
This part of the information base includes data about the location, size and type of shops. To calculate normative turnover figures for each shopping centre, normative turnover-to-floor space levels, disaggregated to type of shop are required. In addition, characteristics of shopping centres like the amount of parking facilities, type of shopping centre, and so on, are required.
The Transportation Network
To calculate travel times between residential zones and shopping centres, a transportation network has to be specified, including any future alterations. Alternatively, a matrix of travel times might be specified.
Population Figures and Expenditures
To predict the turnover in each shopping centre in the future, the development of the number of inhabitants per residential zone and their expenditures need to be known. In addition, the outflow of expenditures to shopping centres in external zones and the inflow of expenditures of consumers living in external zones must be assessed.
Choice Behaviour
To estimate the parameters of the model, data is required concerning consumer choice behaviour. The required data depends on the type of model used. If a spatial interaction model is used, a so-called observed interaction matrix should be constructed. Each cell of this matrix contains the number of times a particular shopping centre is being visited by consumers living in a particular residential zone. In the case where a random utility model is used, much more information is required. First, for each respondent, the set of available shopping centres has to be identified. Second, the number of times a respondent visits each available shopping centre is required. Third, the attribute scores of the available shopping centres as perceived by the respondent are needed. In the case of the simulator system, depending on whether a preference task or a choice task is being applied, individual preferences or intended choices are required. To assess the applicability of the simulator system in practice, observed choice behaviour is required as well.
Module 2: Mode/base
This part of the decision support system contains software to calibrate a consumer choice model and to predict consumer choice behaviour using the calibrated model. For each type of model, a separate computer program is available. In addition, a program to determine the goodness-of-fit between observed (or intended) choice behaviour and choice behaviour predicted by the model is available.
Spinmo
The SPINMO (Spatial INteraction MOdelling) program (Borgers & Timmermans, 1988 ) uses the scores of the shopping centres on one or more attributes and a matrix of distances between residential zones and shopping centres to model the observed flows of consumers. Several distance functions can be specified, for example, a power function, an exponential function or a combination of both. SPINMO minimizes the sum of squared deviances between observed and predicted flows by means of a gradient search and/or a sequential search method.
Caldis
The CALDIS (CALibration of DIScrete choice models) program (Borgers, 1985) was developed to calibrate several types of discrete choice models. The PC-version of CALDIS, however, only contains the multinomial logit model. The program estimates the weights of the attributes given the number of times each individual chooses each available shopping centre and the attribute scores as perceived by the individuals. The program uses the log-likelihood as an optimization criterion. Like the SPINMO program, CALDIS uses a gradient and/or a sequential search method to find the optimal point in the parameter space. After predicting individual choice frequencies, both observed and predicted individual choice behaviour can be aggregated into flows between residential zones and shopping centres.
Giant
The GIANT (Generation, Implementation & ANalysis of Treatments) system (Timmermans & Borgers, 1989) , part of which is still being developed, can be considered as an expert system to assist the analyst in constructing and analyzing conjoint-based simulator systems. The design of experiments, which is required in using such a modelling approach, demands some expert-knowledge which is often not available. This program aims at filling this gap. It should be emphasized that the system is thus not specifically developed for retail planning applications. It is a program to support the formulation of decompositional
preference and choice models and analyze human decision making and choice behaviour in general. The program may thus be of use in all possible kinds of planning and policy-making contexts which relate to preferences and choice behaviour.
The program is menu-driven. It allows the user (a) to construct designs and generate experimental tasks, (b) to input and control subjects' responses to such experimental tasks, (c) to estimate preference functions and choice models from these experimental designs data, and (d) to simulate actual choice behaviour using the estimated preference functions or choice models.
The most difficult part in developing these models is the construction of experimental designs that allow estimating the required model. GIANT allows the user to address this prob-lem at four levels of sophistication and expertise. The inexperienced user can choose from a number of typical problems for which the modelling approach may be used. Depending upon the chosen option, the program then raises some additional questions and finally constructs the required designs. This option might also be used by an experienced user to deal with standard problems. At the next, more sophisticated level the system can be used to answer a series of questions and the system then determines whether a suitable experimental design can be constructed. A third option allows the user to use an experimental design from the data base of the program. Finally, the program contains an option to construct one's own design. Evidently, this option requires sufficient knowledge on the part of the user, but the system provides a number of analytic modules to assist the user in understanding the properties of the constructed design.
Several standard problems are incorporated in the system design. One such problem is that of conjoint preference measurement. This option should be chosen if one wishes to measure individual preferences for hypothetical choice alternatives. The program enables the user to construct the hypothetical choice alternatives so that individual overall preference measures can be decomposed into part-worth utilities for the attribute levels. Another standard problem concerns the estimation of the impacts of possible modifications in existing alternatives. In this case, the program generates a number of treatments. The proposed modifications and their levels are varied over the treatments so that the effect of each modification can be assessed. Still another problem concerns the prediction of market shares in so-called variable markets. Choice sets varying in size and composition are constructed to provide insight into expressed choice behaviour.
To deal with such problems, several decisions have to be made. In the most simple mode, decisions are made by the system which confronts the user only with those options that leave some freedom of choice. All decisions that are logically required to deal with a certain problem are made automatically. In the other modes, these decisions have to be made by the user. The system only warns against inconsistencies and improper solutions and provides some additional information.
The most important decision in this respect is whether the user wishes to implement a preference design or a choice design because this decision dictates many of the subsequent decisions, schemes of analyses and simulations. If a choice task is selected, the user has to decide whether to use a paired comparison design or a multiple comparison design. A paired comparison design has often some advantages, but a multiple comparison design should be chosen whenever one wishes to examine extended choice sets. The system has several options to construct such multiple comparison designs. In particular, it allows the construction of single fractional factorial designs, split plot designs, foldover designs, and randomized designs. If required, the statistical properties of the design are displayed and the user is guarded against making faults. The system also allows the user to include a base alternative to each choice set and to construct either fixed or varying choice set designs.
Having generated a design, the program can be used to output the experimental tasks. The user is requested to name the choice alternatives, attributes, and attribute levels assumed to affect consumer behaviour. In addition, the system permits inputting additional texts introducing the experimental task or specifying the measurement scale. A simple text-processing routine is written to help the user in describing the design and the experimental task. Important for many applied research projects is that the system allows the user to randomize the choice sets, choice alternatives, attributes and/or attribute levels across subjects. This is a very time-consuming task if the designs are constructed by hand and therefore this option is often omitted in practice at the risk of introducing different kinds of biases in the measurement.
The next main part of the computer program allows the user to input the responses to the constructed experimental tasks. Again, several options are available. Ranking, ratings, single choice and allocation data may be input, and whenever possible, the input data are automatical-ly checked. The system contains also a number of routines to convert data. Ratings may be converted into rankings; rankings may be exploited to generate choice data; allocation data can be converted into single choice data.
Once the response data are available the preference or choice model can be estimated. Several estimation procedures may be used, depending upon the scale properties and the kind of model one wishes to use (for details, see Timmermans, 1984) . A necessary step in the estimation involves the construction of a design matrix. That is, the design has to be coded in terms of a series of indicator variables. GIANT allows a choice among four coding schemes: dummy coding, effect coding, orthogonal polynomials and a scheme suggested by Louviere (1988) . Part of the coding depends upon the model specification and the problem studied. This part of the coding is handled automatically. The coded data can then be used in routines that analyze the data and estimate the specified model. To assist the user in interpreting the results of the analysis, the program generates a couple of summary statistics such as mean coefficients, graphical plots, analyses of monotonicity and tabulations of goodness-of-fit measures.
Finally, the system can be used to perform the simulation and assess the likely impacts of designated policy options or plans. The system allows the use of deterministic choice rules, various probabilistic choice rules, and several direct choice models. Information about market shares is provided.
GOF
Before using the specified model to predict the likely impacts of retail plans, the validity of the model has to be determined. This can be done by comparing predicted flows of consumers between residential zones and shopping centres with observed flows of consumers. The program GOF calculates several Goodness-Of-Fit measures (see Timmermans & Borgers, 1985) between predicted and observed flows of consumers and between the predicted and observed number of consumers for each shopping centre.
Module 3: Evaluation
In practice, several alternative plans concerning the spatial retail system are usually considered. The planning team has to decide which plan is most desirable. Given the likely impacts of each plan on several criteria, the selection process can be supported by some multi-criteria evaluation system. The evaluation system uses a number of system performance indicators as criteria (van der Heijden, 1986) . The indicators compare the impacts of a specific plan to the impacts of the so-called trend scenarios (when no policy measures are realized). Alternatively, the impacts of a specific plan may be compared to normative estimates. In addition to the indicators, user determined criteria can be used to evaluate these alternative retail plans.
The evaluation technique implemented belongs to the category of mixed data evaluation techniques (see Voogd, 1983) . The advantage of mixed data multicriteria evaluation techniques is their ability to process both quantitative and qualitative criteria. Although the system performance indicators always imply quantitative criteria, the user may wish to add criteria of a qualitative nature. In addition to a matrix of scores of each retail plan on the criteria, a vector of weights has to be specified. These weights reflect the importance attached to the various criteria. In practice, the weights have to be specified by the planning team.
The system performance indicators can be distinguished in terms of three types. Indicators of retailers' interest refer to the economic functioning of the shopping centres. Indicators of consumer interest concern the availability of shopping facilities for consumers living in the residential zones. Finally, indicators of public interest concern items such as the equality of distribution with respect to the accessibility of consumers to shopping centres and the over and under allocation of expenditures to shopping centres.
indicators of Retailers' Interest
It is important for the planning team to get insight into the development of the turnover-tofloor space ratio given some plan as compared to the development according to the trend. The turnover-to-floor space (T-t-F) figures are considered as a surrogate measure of efficiency. The first indicator of retail interest is determined by calculating the ratio T-t-F(plan)/T-t-F&end) for each shopping centre at each time period. A ratio less than 1.0 indicates a negative impact for the retailers in the specified shopping centre in the specified time period. By calculating the mean value over all shopping centres and all time periods, an average indicator for the plan under consideration results.
Another indicator of retailers interest is based upon the number of times the T-t-F(plan) is lower than the T-t-F(trend) for a particular shopping centre over all time periods. Averaging over all shopping centres and dividing this average value by the number of time periods gives a second indicator for the proposed plan.
Indicators of Consumers' interest
For consumers, the available shopping opportunities are important, Therefore, indicators of consumers' interest are based on the available amount of floor space and number of shops for consumers living in a particular residential zone. To determine which shopping centres are available, some (residential zone specific) distance threshold has to be specified. The available shopping opportunities for consumers living in a specific residential zone according to the proposed plan can be compared to the available shopping opportunities according to the trend by calculating the ratio between both figures. An overall indicator can be determined by averaging the ratios over all residential zones and time periods. Such overall indicators can be calculated for the availability of floor space, floor space per branch, number of shops, number of shops per branch, number of different branches, and so on.
Changes in the local access of the shopping centres can be measured by summing the expenditures in the nearest shopping centre over the residential zones and time periods. Dividing this sum of expenditures by the sum of expenditures in the nearest shopping centres for the trend gives another indicator of consumer interests. Of course, this indicator can be disaggregated according to various branches of shopping types.
lndica tors of Public Interest
In general, minimizing travel distances is considered as a planning objective. For a plan under consideration, the average distance travelled by consumers can be calculated. The first indicator of public interest equals the ratio of the average distance under the conditions of the proposed plan and the average distance for the trend. Another general planning objective concerns equality in the retail system. Policy measures should pursue equality between retailers and between consumers. Equality between retailers can be assessed by calculating some measure of deviation in the vector containing the averaged turnover-to-floor space ratio for each shopping centre. Equality between consumers can be determined by calculating a measure of deviation in the vector containing the averaged amount of available shopping facilities per residential zone.
EPILOGUE
In this paper, we have described a decision support and expert system for retail planning. The computer package, parts of which are still being developed, contains a database manager, a modelbase and an evaluation module. So far, the system is being used both in a scientific environment to get more insight into spatial choice behaviour, and in an applied planning context.
In two main cities of the Netherlands, the so-called PEARL system (Borgers & Timmermans, 1987 ) is used to predict the effects of retail plans proposed by the local govem-ment or by local retailers. PEARL is an abridged version of the decision support system described above. The modelbase contains software to predict consumer choice behaviour at the aggregate level. The models were calibrated at our department using observed consumer choice behaviour. As yet, the evaluation module only relates predicted turnover-to-floor space figures to normative turnover-to-floor space figures. To predict the effects of a new retail plan, the plan has to be converted into new attribute scores (floor space, price setting, distances, etc.) for the shopping centres under consideration. These data have to be entered by means of the data manager. After predicting consumer choice behaviour, the system produces and compares predicted turnover-to-floor space figures to normative figures. Otherwise, the residential building programs with shopping centres. system can be used to evaluate the effects of alternative respect to the economic functioning of the associated
